Objective: This study aims to provide effect size estimates of the impact of two cognitive rehabilitation interventions provided to patients with mild cognitive impairment: computerized brain fitness exercise and memory support system on support partners' outcomes of depression, anxiety, quality of life, and partner burden. Methods: A randomized controlled pilot trial was performed. Results: At 6 months, the partners from both treatment groups showed stable to improved depression scores, while partners in an untreated control group showed worsening depression over 6 months. There were no statistically significant differences on anxiety, quality of life, or burden outcomes in this small pilot trial; however, effect sizes were moderate, suggesting that the sample sizes in this pilot study were not adequate to detect statistical significance. Conclusion: Either form of cognitive rehabilitation may help partners' mood, compared with providing no treatment. However, effect size estimates related to other partner outcomes (i.e., burden, quality of life, and anxiety) suggest that follow-up efficacy trials will need sample sizes of at least 30-100 people per group to accurately determine significance.
Some MCI partners may experience depression and anxiety associated with caregiver burden (Garand et al., 2005) . Memory problems, as well as mild changes in functioning, may interfere with relational abilities and cause relationship strain (Roberto et al., 2011) . In addition, the partner may experience decreased participation in their own activities and interests (Werner, 2012) .
There is currently no medical intervention that stops the progression from MCI to dementia. Behavioral interventions for MCI continue to be a key source of treatment. At this early stage, the person with MCI and their partner have an opportunity to develop self-management skills that may help improve quality of life (QOL) for both (Yueh-Feng and Haase, 2009 ). For example, if the persons with MCI are trained to use external memory supports (Greenaway et al., 2008 (Greenaway et al., , 2012 , they may be able to cue themselves to take their medication, remember an appointment, or complete a task independently. Our prior work using a specific system called the memory support system (MSS) showed that partners of individuals with MCI trained in the MSS had improved mood, while the partners of untrained individuals with MCI had declining mood and worsening of caregiver burden over time (Greenaway et al., 2012) .
A variety of computer-based cognitive fitness programs built on the principles of positive brain plasticity and designed for use by older individuals are now commercially available. Research to date has shown that both participants with MCI and cognitively normal older adults who trained on a brain fitness (BF) program showed an average of a 1/3 standard deviation improvement on memory and cognitive function (Barnes et al., 2009; Smith et al., 2009 ). It has not been evaluated if, and how, the partner is impacted if the person with MCI participates in cognitive fitness activities. If cognitive exercise helps the individual with MCI maintain cognition, then this may also decrease caregiver burden.
Overall, interventions that help with memory decline in persons with MCI may also help improve partner's sense of burden, mood, anxiety, and QOL. In this pilot study, we specifically compared two cognitive rehabilitation techniques, BF and MSS, in persons diagnosed with amnestic MCI. We aimed to estimate effect sizes for partner outcomes for the purpose of powering future efficacy trials of behavioral interventions in MCI, while providing some preliminary efficacy data.
Methods
Details of the interventions and recruitment have also been outlined in Locke et al. (2014) .
Participants: partners
A total of 200 consecutive dyads were approached across the three Mayo Clinic sites about study participation. Sixty-four dyads passed eligibility screening, consented to participation, and were randomized to one of the two arms of the treatment protocol (MSS = 34, BF = 30). Partner enrollment criteria included the following:
(1) Folstein mini-mental state examination (Folstein et al., 1975) of 24 or greater to rule out significant cognitive impairment in the partners. (2) Center for Epidemiological Studies-Depression (CES-D; Radloff, 1977) total score less than 21 to ensure that partners were free of severe depression suggesting more pressing need for psychiatric care. (3) English as primary language.
Seven dyads withdrew from the project prior to the start of any intervention. This report is based on the remaining partners/dyads (MSS = 30; BF = 27). Ninety-six percent (55/57) of the dyads who began the study intervention completed the intervention phase. An additional eight dyads were lost at one of the post-program follow-up assessment time points. This report is focused on outcomes related to the partners in the program.
Participants: patients with MCI
The outcomes for the patients with MCI are presented elsewhere (Chandler et al., under review) , but a brief description of these patients is provided here to provide broad context to evaluate the partner outcomes. The patients were diagnosed with single-domain or multi-domain MCI. Patient enrollment criteria included the following:
(1) Dementia Rating Scale-2 (Jurica and Leitten, 2001 ) score ≥115; (2) Functional Assessment Questionnaire (Pfeffer et al., 1982) score <6; and (3) not taking or stable on nootropic medications for at least 3 months.
There were no demographic differences between the treatment group patients in terms of age (M = 75.3 years), education (M = 16.2 years), gender (59% male), and acetylcholinesterase inhibitor use (55% stable on medication).
Control sample
The control sample consisted of 20 dyads randomized to a no-treatment control group who were given the MSS materials without any training. There was no additional contact other than the follow-up assessment times. The control sample is the same as that reported in Greenaway et al. (2012) .
Measures
The partners completed several self-report measures of mood, anxiety, QOL, and burden at the following time points: pre-intervention baseline, training program completion, 3-month follow-up, 6-month follow-up, and 1-year follow-up. Control sample partners completed the measures at baseline, 3 months, 6 months, and 1 year.
Depression/anxiety. Partners completed the CES-D scale and the Anxiety Inventory Form (AIF), a 10-item rating scale modified from the State-Trait Anxiety Inventory (Spielberger et al., 1983) by the Resources for Enhancing Alzheimer's Caregiver Health project (Wisniewski et al., 2003) . Scores for the CES-D range from 0 to 60, with higher scores suggesting more symptoms of depression. Scores for the AIF range from 10 to 40, with higher scores suggesting more symptoms of anxiety.
Quality of life. The program partner completed the QOL-AD (Logsdon et al., 1999) . Raw scores on the QOL-AD range from 13 to 52 with higher scores indicating better QOL.
Caregiver burden. Program partners completed the caregiver burden questionnaire (Zarit and Zarit, 1990) . Raw scores on the caregiver burden range from 0 to 88 with higher scores indicating more burden.
Interventions
Memory support system. The MSS is a two-pageper-day calendar and note-taking system small enough to fit in a pocket or handbag. The system and our training curriculum are described in detail in prior reports (Greenaway et al., 2008; Greenaway et al., 2012) . The MSS training curriculum utilizes three training stages from learning theory outlined by Sohlberg and Mateer (1989) . The partner's role in the training involves attendance at all training sessions, ongoing practice of the MSS techniques with the patient outside of the training sessions, and helping the patient complete the assigned homework. The partner also helps identify specific memory challenges that the patient is facing in daily life and helps the trainer set goals for development and individuation of the MSS materials. The partner also serves as an ongoing coach and trainer for use of the MSS after the formal training sessions have concluded.
Computer training (brain fitness). Posit Science developed a computer-based training program, BF, built on the principles of positive brain plasticity and designed for use by older individuals (Barnes et al., 2009; Smith et al., 2009 ). The program is focused on speech reception to strengthen an individual's auditory memory with six modules: Hi-Lo, Tell Us Apart, Match It, Listen and Do, Sound Replay, and Story Teller. Those randomized to the computer training arm received copies of the MSS without training. Each dyad completed computer activities on the same schedule as those receiving MSS training. The partner's role was to complete all the computer exercises along with the patient.
Training schedules
In addition to comparing these two cognitive rehabilitation interventions, we were also interested in evaluating different training schedules for each intervention. Each schedule provided 10 h of intervention conducted either over 6 weeks or in 10 days. The 10-day condensed program involved 1-h sessions, 5 days per week for 2 weeks. The 6-week session involved twelve 50-min sessions over 6 weeks, starting with three per week for 2 weeks, then two per week for 2 weeks, and then one session per week for 2 weeks. The final distribution of couples included the following: 6-week MSS n = 16; 6-week BF n = 14; 10-day MSS n = 18; and 10-day BF n = 16.
Education
Because dementia education is readily available in the community, and if uncontrolled this may have "contaminated" our study, we provided such education to all the treated dyads. The BF and MSS dyads convened for an educational group lecture each day of the program. The control group did not receive this education. The education component is an adaption and synthesis of the Savvy Caregiver psychoeducational program (Hepburn et al., 2007) and the "Memory Club" educational program (Zarit et al., 2004; Gaugler et al., 2011) . Topics included the following: living with MCI, changes in roles and relationships, sleep hygiene, steps to healthy brain aging, preventing dementia, MCI and depression, nutrition and exercise, assistive technologies, participating in research, safety planning, and community resources.
Analysis
The primary aim for this study was evaluation of enrollment and retention patterns for such a behavioral trial. Those results are reported in Locke et al. (2014) . Secondary aims, however, involved development of effect sizes for potential impact of these interventions on participant and partner outcomes for design of a larger-scale clinical efficacy trial. This report details the partner outcomes.
The patient outcomes are fully outlined and discussed by Chandler et al. (under review) . To provide context for evaluation of the partner outcomes, we summarized brief patient outcomes here. Training in the use of the MSS calendar system significantly improved memory activities of daily living relative to standard care controls (d = 0.75, p = 0.01), while BF computerized training and receiving the MSS materials without training did not (d = 0.54, p > 0.05). Six weeks of MSS training may have the most impact on memory activities of daily living, but sample sizes were too small for significance (d = 0.73 compared with that of 6 weeks of BF, p > 0.05). There were no statistically significant differences in self-efficacy, but the effect size for MSS training compared with that for no treatment was moderate (d = 0.52, p > 0.05), while the effect size for BF computerized training compared with that for no treatment was small (d = 0.22, p > 0.05).
Repeated measures analyses of variance (ANOVAs) were utilized to compare total scores on partner outcome measures over time. Post hoc ANOVAs were completed to evaluate group differences at each time in the event of a significant interaction term (group × time) in the repeated measures ANOVA. Comparisons between the intervention groups and the control group were limited to the 6-month follow-up period (because of attrition from the control group at 1 year). Comparisons limited to the intervention groups included the entire 1-year follow-up period. For this small pilot study, when the findings were non-significant, sample size calculations to achieve significance were made whenever at least a mild effect size or Cohen's d ≥ 0.20 was observed (Table 2) .
Results
The majority of partners in the program were spouses (91%), while the remaining 9% were adult children of the person with MCI. The majority of partners were women (69%). The average partners' age was 70.2 (+12.5) years, education was 15.7 (+2.6) years, and mini-mental state examination total score was 28.8 (+1.6).
At baseline, there were no significant differences between the MSS group and the BF group on demographics, mood, anxiety QOL, or burden measures (Table 1) . However, the control partners were younger than the MSS partners (p = 0.02), and there was a trend for the control partners to also be younger than the BF partners (p = 0.09). Figure 1 ). The MSS group showed an average partner CES-D total score of 5.4 points and an average improvement from baseline (reduction in score) of 1.7 points at 6 months. The BF group showed an average partner CES-D total score of 8.9 with no change from baseline. The control group showed an average partner CES-D total score of 10.4 at 6 months with an average increase (worsening) in score of 3.8 points over 6 months ( Figure 1 ). 
Treatment schedule comparison (between groups).
There was no significant change in partner CES-D scores at 6 months when comparing 6 weeks of MSS with 6 weeks of BF (p = 0.17) or when comparing 10 days of MSS with 10 days of BF (p = 0.80; Table 2 ).
Treatment schedule comparison (within group).
There was no significant change in partner CES-D scores at 6 months when comparing the 10-day and 6-week versions of the MSS treatment or when comparing the 10-day and 6-week versions of the BF treatment ( Table 2 ). The effect size for CES-D change at 6 months when comparing 6 weeks versus 10 days of the MSS treatment was d = 0.51 (CI: À2.80 to 3.17; sample size requirement for significance = 61 subjects per group). The effect size for CES-D change at 6 months when comparing 6 weeks versus 10 days of the BF treatment was d = 0 (CI: À2.94 to 2.15).
Anxiety
Treatment groups compared with controls. There was no significant interaction between group and AIF scores over 6 months [F(4, 122 
Treatment schedule comparison (between groups).
In comparing treatment groups with the same treatment schedule, there was no significant change in partner AIF scores at 6 months when comparing the 6-week MSS and BF treatments (p = 0.58) or when comparing the 10-day MSS and BF treatments (p = 0.36; Table 2 ).
Treatment schedule comparison (within group). There were no significant differences or trends in change in partner AIF scores over 6 months when comparing the 10-day and 6-week versions of the MSS treatment or when comparing the 10-day and 6-week versions of the BF treatment ( Table 2 ). The effect size estimate for AIF change at 6 months across treatment schedules for the MSS treatment was d = 0.28 (CI: À2.83 to 2.08; sample size required for significance = 205 per group). The effect size estimate for AIF change at 6 months across treatment schedules for the BF treatment was d = 0.28 (CI: À2.37 to 1.97; sample size required for significance = 199 per group).
Quality of life
Treatment groups compared with controls. There was no significant interaction between group and partner QOL scores over 6 months [F(4, 120 Treatment schedule (between groups). In comparing treatment groups with the same treatment schedule, there was no significant change in partner QOL scores at 6 months when comparing the 6-week MSS and BF treatments (p = 0.18) or when comparing the 10-day MSS and BF treatments (p = 0.93; Table 2 .)
Treatment schedule comparison (within group). There were no significant differences or trends in change in partner QOL scores over 6 months when comparing the 10-day and 6-week versions of the MSS treatment or when comparing the 10-day and 6-week versions of Table 2 Change in partner outcomes from baseline to 6-month follow-up Utilized the subset of subjects included in the main repeated measures ANOVA. Negative scores represent improvement in depression, anxiety, and burden, but decline in quality of life. For this small pilot study, when the findings were non-significant, sample size predictions to achieve significance at p < 0.05 and p < 0.01 were made for differences between groups that had at least a mild effect size (Cohen's d ≥ 0.2). MSS, memory support system; BF, brain fitness; CES-D = Center for Epidemiological Studies-Depression Scale; AIF = Anxiety Inventory Form; CB = caregiver burden; ANOVA, analysis of variance. *p < 0.05.
the BF treatment ( Table 2 ). The difference in change in burden across the 10-day treatment groups (MSS versus BF) at 6 months was not significant (p = 0.71).
Treatment schedule comparison (within group). There was no significant difference in change in partner burden scores when comparing the 10-day and 6-week versions of the MSS treatment at 6 months (d = 0.04, CI: À4.09 to 3.72; Table 2 ). However, within the BF group, the 6-week group had significantly worsening caregiver burden at 6 months compared with baseline, while the 10-day group had relatively stable or improved caregiver burden (p = 0.01, d = 1.07, CI: À2.21 to 3.84; Table 2 ).
Discussion
In these small samples, our results suggest that MSS or BF cognitive rehabilitation with a person who has MCI, and their support partner, positively impacts support partner depression scores over 6 months in comparison with a no-treatment control group. Specifically, the MSS group had the lowest depression scores with slight improvement over 6 months, the BF group remained stable over 6 months, and the control partners depression scores worsened over 6 months. This extends the findings of Greenaway et al., 2012, which suggested worsening mood and increasing burden in an untreated control group in comparison with an MSS trained group only. Interventions such as MSS and BF are primarily designed to impact cognitive symptoms in patients with MCI, but may also offer modest benefit on caregiver mood compared with no intervention at all. It is possible that the act of intervening alleviates distress regardless of the intervention mechanism. The MSS intervention appeared to have the larger effect size of the two treatments. We hypothesize that the patients with MCI in the MSS group had a memory compensation tool that they could use instead of solely relying on their partner for information, which may have helped ease their partner's overall mood and burden more than BF exercises or no treatment. In addition, at the completion of the MSS training process, the partner is asked to become an active participant with the patient in use of the tool post-training. This active partnering involvement may also help reduce partner's depression and burden.
Our decision to provide treatment groups with caregiver education may confound our interpretation of results when comparing their outcomes with control group. Our historical control group did not have a similar education intervention. Thus, we cannot exclude that the education intervention alone may have accounted for these findings. The mechanism of benefit could be the knowledge developed from the educational topics, or the perceived social support via meeting together as a cohort each treatment session. However, it is reasonable to say that a multimodal intervention provided a positive impact on depression symptoms compared with no treatment.
The present study was funded as a pilot trial to primarily address recruitment and retention rates in a behavioral trial with MCI (Locke et al., 2014) and to estimate effect sizes for future trials. The effect sizes for depression, anxiety, and QOL measures seen for partners in these analyses are consistent with effect sizes observed for patient outcomes (Chandler et al., under review) . Although some of these effects are modest, there are some medium effect sizes as well (i.e., anxiety and burden outcomes). These deserve further investigation, especially in the absence of any current medical therapies to significantly alter the progression of amnestic MCI. These partner outcomes are predicted to be statistically significant only if our sample sizes ranged from 30 to 300 people per arm. In addition, treatment schedule comparisons suggest that there may be a differential impact of an intervention when delivered over 6 weeks as compared with a compact 10 days. Finally, it is possible that there are interaction effects on partner outcomes that are dependent on patient outcomes or vice versa. Overall, larger-scale trials are necessary to fully assess the efficacy of these types of interventions and optimal treatment schedule.
